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Title & Document Type: 8502A Transmission / Reflection Test Set Operating and 
Service Manual 

Manual Part Number: 08502-90001 
Revision Date: August 1977 
About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 

HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, life sciences, and chemical analysis 
businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is 
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent 
8648A. We have made no changes to this manual copy. 

Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 
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SAFETY 



! I This instrument lias been designed and tested according to International Safety 
Requirements. To ensure safe ; operation and to keep the instniment safe, the 
information, cautions, and warnings in this manual mmt be heeded. Refer\to 

Section I for general safety considerations applicable to this instrument. 
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'li' ^ ’ XERTIFiCATION 



Hewlett-Packard Utfjpany certifies that this instrttment met its published sped- . 

' ficaiions at the time of shipment from tfie factory. Hewlett-Packard Coin^^^ 

further certifie^ ihat its cdlibration rpedsurements are traceable to the United , 

, States National Bureau of Standardsf to the extent allowed by the Bureaus 
calibration facility, and to thje calibration, facilities of other International Stand- y 

ards Organization members. /; j , > 

■ K ■ )' ■■ I: ■ ' ■ ' 
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WARRANTY J\nI> ASSISTANCE 

, 11 : ■ 



/ This Hewlett-Packard' product is warranted against defects in materials and work- 
: : f, ’ ' / manship fora period of one year from\the date of shipment. Hewlett-Packard 
1 . will at its option, repair or replacb products' which prove to be defective during^ 

. the^warn^nty period provided they are resumed to Hewlett-Packard, and provided 

!' ir die t proper preveiuive maintenancei procedures', as listed in this manual are fol- 

V fowed. Repairs necessitated by m^tise'lof the Iproduct, are not covered by this 

‘ , , ivairanryj OTHER WARRAiyTIES, ARE EXPRESSED OR IMPLIED, IN- 

/ "yffCLUDING BUT NOT LIMITED (TO THE IMPLIED WARRANTIES OF ME^ 

FTTNES^FOR^A FmiCULAH'PmOSE:,HBWLETT- 

, w ' • 

1^:' . 'ff ■ ' : ' ' h’r -i' h . % ■< ' , - 

^ Service contract or customer assistini^ agreements areavailableforllewlett- 

V For any assistance, contact your nearest: Hewlett-Packard and Service 

V Office. Addresses are provided at the back of this tnaniial ' u;. , ’ ' 
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SERIAL NUMBERS 

Tliis manual applies directly to HP Model 8502A 
with serial prefix numbers 1603 A and I616A. . 



, \ ‘ ] For additional infor;mation aWut serial numbers, j 

v''' ' ' ^ ' see INSTRUMENTS COVERED BY MANUAL in " 

^ Paragraph?.- < : . 
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1. GENERAL INFORMATION 

■ J I .■ ■ . i » J ■ i ' ■ r.*^ .1 




may result. TEST port ; limits are +26f 
dBm and 30 Vdc. RF INPUT port limits i - 
are >30 dBrri (I.Oi watt) and 7.0 Vdc.| , 
BIAS INPUT |k)rt limits are 500 mA 
and 30 Vdc. , 
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infonnation neressa; 5 *'to operate, test, and service 
the HP Model 8502Af ' ■ 

: i;; V , ' '' -o' ■' /‘l 

' ' 4: Ori the, title page of this manual, below the 
pianual part number, is a, "Microfiche" part num- 
V ber; This number may be used to order a 4- x 6- 
, inch mitcrofilm) transparency of this manual. 

5. Vi Description 1 ’ . ; / > " 

6. The , Hewlett-Packard vModel 8502A Trans- 
'• ' mission/ReneCtion Test Set provides all of the 

RF hardware necessary to make simultaneous 
, transmission and reflection measurements, between 
500 KHz and 1300 MHz. The test set consists of 
I - ! an RF 'power splitter to develop,; a reference or 
incident signal, a directional bridge to develop a 
reflected' signal, and an attenuatcir to control the 
, signal mcidetit on the device under tKt.,| ■ 



SERIAL NUMBER 
> ^ ^ 

PREFIX SUFJFIX 
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hgure 2y Serial Number Place 






. 10. Specifications 






7. Instruments Covered by Manual 
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1 1 . Instrument specifications are listed in Table 1 . 
These specifications are the performance standards y 
or limits against which the instrument may be 
, L . . . • • i L tested. Table 2 lists supplemental characteris'tiT^^^^ 

1 - 8 . Attached to ^e instrument is a serial number The^ are pot, specifications but are typioil char- ./ 
I^te (Figure 2 ),, The serial number is m two parfs. ,i-jcteristics included as aijditional information for, ■ 

’ The first four digits and the letter are the senal ^ i ; , ' > ' 

’ ' number prefix; the last five digits are the suffix. ' ' i . 

The prefix is the same for all identical instmments; ■ 

,;i' -“it changes-only when a change is made, to the 
mstrument^yThe suffix, however, is assigned 
' ’ sequentiail>^ land is differenty fori each instrument. ■ , 

The 'cbntents 'of this, rnanual apply to instruments ' 



i t 



X): X 



12. ..Equipment Available 






with the serial number prefix(es) listed under, 
'’SERIAL NUMBERS , on the title page. If your 
iastrument , does not , have a serial number , prefix 
. that is listed on the title page, refer to the manual 
, changes supplement, or contact your nearest HP 
office forchangeinformatipii. 



1 3y’ Hewlett-Packard ' Cable Acce^ory Set 
I IfisiA, shown in Figure 3, contains four double- 
, shielded and ' phase-matched cables for high 
accuracy measurements with the HP Model 8505A,‘ 
Network Analyzer and other instruments. , 
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9. Input Level Caution'; 



•» ^ .1 V 
1 



14. RecommencM Test Equipment 



' I*'’' . 
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CAUTION 



] 



Do not apply' signals ^greater than listed 
below or damage to test set circuits 



15;,' Equiprhent required for performance testing 
andi troubleshooting of the Hewlett-Packard Model 
S502A Trarismission/Reiflectiori Test Set is listed, 
in Table 3. Other equipment may he substituted 
if it meets ! of exceeds the critical specifications 
lirfed in the table. ' , ' - 
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' i>’)' ■ ' iTh^ Spefi/icqthfii'^ 
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V.., ■ J',ySPECIFlCATIONS^^^^^^^ .. ,v,.. 

, i85d2ATRAW^I»^^ 

: FnqUMCV Rtngi: :506'liHrtty'l3 GHz'" : ' 'H ■:'?!}•»■ frc/m*- lOOOMHz : : , 

^ ,. ':''| ■ ^ ■ " ' M4jinitude:^’<i05dB'from l000,tql30OMRz 

. 'lmtl.*ni:SOol,ms/' - S Mi«: «7J“ from 1TO.0 

jyiagnitud«:;<±h^^ 

•>. jr« , V " 'i -1.^' ' ' iS!+in“ friim 0.5 to'2 MH/. ■ 






Impedann: 

i:' 

.-ipinctiyity:'>40dB '';■ ‘7 "■ 



Fr^uracy Rtsponse: 

Transmission: '■ 

; ■/ r 'I Y 

r Mn^titude: <±0.8dB 

vphist: ■^8“ : : . 



. m 

'• 

•- i' ■ 



Phm: <±I0“ from0.5 to2 MHa 

^ ■ . .V I?'''' 

. ^ ‘ f - ■ ■ 

Inddent Port RtBirn Loss*; 









rO 



'1 4^'''>25dB(<ia2SWR)^^^ 

j) l i I >23 dB (<I.IS SWRJ from 0.5 to 1300 MHz 



Rtftection: 

, ’ ’ y Mapnitudi; <±l,5dBfrom03 td 1300MHz 

'•.'•■ <'i ■■ . • ‘ ■'-'}• t ■■ 

, . •.,' , • • ,• .' ! * ■ 

■ ■ ' <itI0“ fro^ 1300 MHz 



„ . 

Rtflect|on Pdh Return Lod*; , 

'* >25 dB (<1.12 SWR) from2-to lOOOMHz 
vi^23dB(<l.!5 SWR) from 0.5 iip 1 300 MHz 



. . .' ■"■;.'!■■ 

'> .1-. ,■.<> 



' ' PortMatdi: 

■ 'i' V.y 

u Ritu^ Lion*: 






RF Input Port Return Lpssf : 

>23, dB (<1.15 SWR) 



■I 



: .1 < 



<y 






MuinMRi Opentini Level: <^20 dBm 
TEST port: +26 dBm 30 Vdc Max , 
RFJNPUT port: +3b:dBm (IW),^, Vdc Max 
Bin: 30 Vdc 500 ,m A MpX 



V' r ^ : 



)V 



* ‘ >26'dB(^Ur?iWF5 from 2 to 1300’MHz 

' >20*dB(<l;22 SWRl frdm0.5to 2 MHz 

- < ■ : ' ' •{■'/Y/, ■ >‘.Wi Y • '' .ii : : , 



'■ .'If- 

■. I i< 






'■Vfvv; :. ' 









Demaie Level: >1 watt (+30 dBm) W , 

Dimemionc: lOl mm wide,61.5<nm high, 2Mmm 
d«p (T-l/r’i X 2-7/16" X 8*0 , : ,.\f 



Test Port Open/^ort'Retio: 

,;.va ' . ■ . 



Y.;h: 



■' ,l'v ‘'j -iV?:' 1' ■ ■■'• 'i ■! li ViS- '■ 'V'-. a 



Met: 1.7 kg ( 3^/4 lb.) 



1’ ' V 
J ‘ 






! i mother ports terminated In 50 ohnw ± 1 0 % toldancc^ > , j • *± degrees, specified os deviation from linear phase. , ■' ' 


. •■,v'v - .1 , l''. .■■■ ,, . 0 

V -V ’ - i - 

. -.r^ .i;- ,i ■■■ ■ ; 

"V^; :^V ’.f/ '/-j 


^ ;v'V^ i'-' ;■ V' ■ - ■ r ' ■ ■ . ■ ’''Vi 

i :.Tabl^ 2 . Mo^lel 85024 Supplemental Characteristics , ,,v 


■.> 

'• M,.;,.’' -I 



Trt Port Return Los: Typically 30 dB from 
.v2 to 1300MHz"' ' ■■' i ■ V ' 



RF Attinutor Renpe: OtoJOdBin 10-dB steps 



• ' Li V ' .■' DC Bios Input Range; ±30 Vdc, ±200 mA; some , , 

Insertion Lon vnth Atteriuator Set to Zero. degradation lii RF spedncatioru from 

to lOO MHz. SOOmAmaxiinurri. ' / 



' * K 



liyutjbi Tnt Port: 13 dB 



■} 



.2 



Tnprt to Inddent Port: 19 dB / Rpl:onrteetors: 50 ohm Type N Female . 

' { (input to Reflection Port with Short on Test 

/ >P)iit: l9 dB ; DC Bin Input Ciwnoctor: Type BNC Female 
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i ■ ^ - rf-AA: 

■! : -rl;. ■ :; ' 

: ./I; ;‘l i • •, 
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:,A ■ ■ -y,, 
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;• - . . r.’'- /, 

'fym '40 

'■■V ^V'/' \lf ..y,.,, 
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Name 



HP Part No. 



Dewiption 









r Cafcle Assembly' 






8120-2292 



61 cm (24 in.) SO-ohm cables^ 
phitse matched to a standard ; 

I within ±2“ at I3(X) MHz» with 
50 ohm Type N male connectors 
on each end. 



i^/ ' .. Figure 3y HP Model 11851 A Cable Accessory Set ' 

■'■A‘.yyAy:y::'A‘'-‘ry!Ai\AA.::'/y.y/:y^ ... ■'. ^ ■ ■ ■■'- i ' 

'/y y \ ' . v'''”y':. -1 '' '.i. \ ■' . .. 

^ INSTALLATION y addition, the shipping container is damaged or the 

/ 4' cushioning material shows signs of stress, notify 

44.4 n 17. *'’|nitial Inspection , ;i the ^ carrier as , well as the Hewlett-Packard office. 

v ' J ^ s,- : .. Keep the shippi^^ materials for .the carrier's 

',' ’ ..,,18;:'",J shipping container for damage. ' insi>ection. At , Hewlett-Packard's option,, the HP 

, .. / If the shipping container or cushioning’ material office may arrange for repair or , replacement 
V ,. is damaged, it should be kept until the contents of ' without waiting for claim settlement. '- 

; ness and the instrument has been checked mechan- 19. Preparatirm for Use 

f; ically and^^ ’io. , Mating Connecton ‘ ^ ; ' 

performance are given in Paragraph 35 . „ 1 ' . 

' ‘ If the contents of the shipment are incomplete pr 21. /^e connectors that mate with the HP Model 



y if the equipment is mechanically damaged, or - 8502A ports are shown in Table 4. This table iden: 

' • does not, pass the electrical . performance test, tifies each connector and gives the HP P*art Number 
riotify,.the nearest Hewlett-Packard office. If, inc| > and part numbers of alternative sources j . > 
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Model 8502A 



’insMiMiit 



Network Analyzer 

; Dual Directional 
Coupler iV: : 

Directional , 

^ Bridge* J 

: ' ' ' 

: 3-Way Power 
Splitter 



Termination 
(4 required^ ' 

' Termination* 



Adapter ' ' 
(2 required) 

Adapter 



■ Table s. Recon mended Test Equipment 

■ ' Critical SptofiettioM = I 



Frequency Range: 0.5 - 1300 MHz 

, Frequency Range: 100- 1300 MHz / 

' Directivity: > 36 dB, O.l - I'CHz 
>32 dB, 1.0 -1.3 GHz 

Frequency Range: 0.5 — 100 MHz . 
Directivity:>40dB. 1 — lOOMHz 
>30dB,.S- 1 MHz 

Tracking between any two ports: 

<0.1 dB Magnitude 
<1.5“Phase ; , 

> 32 dB Output Source Match , 

Impedance: son with Type N n^e 
connector ’ i 

Impedance: 50n with Ty^ N male 
SWR: <1.005 

Type N female Connector 

Type N male Connector ' , 



Type BNC male to N male 

■| ,Y ^ ' 

Type N female t6 SM A female 



Rieofflmiiidtil |j„» 

1>M«I 

HP8505A : ’ P,T 

HP778D.ppt.012 P 



HP 8721 A 



HP 11 850/ 



HP909A,ppt.012 



HP909A,Opt.012 
and H69 

HP 11511 A 

HP11512A 

HP 1250-1473 



Cablewavc Systems 
No.721 , 



Adapter ! , 

(2 required) 

'1'-: 



' Cable / 

(2 required);. 



Cable Set* 



Type N female to SMA male 



.1 6 ft. son coaxial cable, type R6-214, ' 

• with Type N male connectors on both y 
" /ends ' 

I'::;':,': . t ;■ , 

6 ft. son coaxial cable, 'Type RC-214, with. i 
„ Type N'maie connector on one end and Type 
V N female connector on the other end 

■■ ■ v ' :r''' ■ 

i 24 in, son coaxial cable phase matchcjd ' 

matched to a standard within. ±2°, at 
1300 MHz with Type S‘ male corineetbrs 
, onbothends - 



Cable wave Systems 
No. 718' 

■HP 'll 500 A 



HP 1.1 501 A i|. 



HP 11851 A/ 



•It ^ 



- ^ " C: /,' : ^ ■ V . , 

• 'I-'- ' ■ ,' / ■ '? 

! fP = Performance; T = Troub!eshootliig j ' , j 

Y ‘ ‘Thispart isincluded in H? ll652ATran5n)issioh/Renecti6nKit. , 

, *these parts arc includcd^in HP 85032A son [Type N Calibration Kit. 
■’These parts arc included in HP 11 851 A RFCcble Kit. ' ■ 
fPart of HP11854A son BNC Accessory Kit . ' > 
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• Table 4, Connectors that Mate with S502A Ports 



Model P502A.V) 

‘ ^ ‘ ; ■) 



, ■ Jl . • • ' I 

■i- i'i V 



•V/V.i.-V ■ •■ 
j'-'.:;-'-. '.'M. 



a : ■ r 



y Corincchir , 


IndHttiy Identification y ^ 


' HP Pm Number y 


, y Altmiete Sources Bid Pm Nnmben 




’ Typc'Nmalc,UG-216/U , 


1250-0882: 


Wdix, No. 30481-2 ' j'' : 


-If'y ' 


- • • ' - t 1 • ; 


Specialty Connectors, No. 25P 1 17-2 


! , J2 Bias 

■ i 


' Type BNC male, UG-88/U! 


.1250-0256 


Airiphenol, No. 3I-202-I02I 









' ^ 23g The operating environment should be- v/ithin 
P ^ the following limitst 

., • ’a. Temperature^ 0“ C (•^'32* F) to 55° C 

Altitude (Barometric):, <15,000 feet (4,600 1 

!■'/■'’’•■V■^. ''•' V 'meters) ■ ■ 

;■■ ■ ■ 



^;-V 



■J:.- 



24J Storage arid Stiipirient 

,'■ ' I ’, ' .' ,' ' ;■ , -- , ' ' ,''' \ ■■ 

26.' Environment ' 

;vv ■ ’ ;■ 

26: The Model 8502A should be storecl in a clean, 
dry I environment. The following e.nvironmental 
limitatiohs apply to both storage and shipment: 

a. ' Temperature: —40° C (—40° F), to +75° C 

v,;,;Vv^+167°;F) :. V 

b. Humidity: <95% relative - 

• c. Altitude (Barometric): <50,(X)0 feet (1 5,300 
meters) ^ - ■•' .■ 



'r.;' --'i ■ ■••';• :“• V.v, ■ 

;i ^ y 27. Packaging for Shipment 



' ' ■ 28. Origirial Type Packaging. Containers and 
materials identical With those used in factory pack- 
ing are available through Hewlett-Packard offices. 

Is being ' returned to 'Hewlett- 
; , ■ I Packard for servicing', attach a tag indicating the 

typei of service required, return address, model 
' ■ ' number and .fidl serial number. Also, mark the 

contain^ FRAGILE to assure careful handlirig. 

refer to the instrument 
,by the model number and full serial nuriiber. 



,■ f 



[ ‘ 

a. Wrap the instrument in heavy paper or plastic. 

If shipping to Hewlett-Packard office or ' 
service center, attach a tag indicafing the 
type of service required, return address, 

.. iriodel number, and ful) serial number. 

b. Use a strong shipping container. A double- 

wall carton made of 350-pound test material 
is adequate. , ■ / 

c: Use enough shock-absorbing material (3 to 
- 4-inch layer) around all sides of the insitru- 
ment to provide firm cushion and prevent 
movement inside the container. Protect the 
front of the instrument with cardboard. 

d. Seal the shippirig container securely. V 

e. Mark shipping coritaine^^ FRAGILE, to assure 
handling. 

• •(■', » 

f. In any correspondence, refer to instrument , 
by model number and full serial number. 



30. OPERATION 



31. Panel Features 



, 29.’ Other Pad^a^ng. The following .‘general 
' instructions should be used for re-packaging^ with 
■ commercially available materials. •' „ 



, 32. Front and rear panel controls and connectors 

' ' are Illustrated and}tVmctionally described in Figure 

■ 4: : v; - : . ' " ; ./ : 

33. Incoming Inspection ' 

1 ■ . ^ -y -i- 

; 34. The test given in 'Figure 5 Is primarily ’de- 

signed to meet the needs of incoming inspection. 
■'The test will prove that the HP Model 8502A 
Tran^mission/Reflection Test Set is functioning 
correctly, and tests that the most critical speci- 
fication: directivity,; is within the' specification. 
If a, test for each detailed specification is required, 
then go to the performance test -section bepnning 
with Paragraph 35 and run each test. 







CASE BOTTOM 



RF INPUT AHENUATiON dB knob. Selects 
attenuation in test signal path. 



TEST cimnictor 41 . Provides mainline output ' 
signal to unit under test. Reflected sisals from 
unit under test ate also routed back through TEST 
port. ' ' ' 



Model 8502A 



O REFLEcIeD to input a conn^or 43. Output 

signal from thi? port is proportional to the signal 
reflected back into the TEST port i by the device" 



under test. 

)■ 



9 






BI4^ INPUT,' connector 42. Provides means 
to bias center conductor of TEST port when bias 
^ ' ' ‘ 'required by unit under test. / 



INCIDENT. TO INPUT R conmctor 44. Output 
signal from thi^ port is incident with main line 
. signal and provides 'reference signal for ratio 
measurements. 



^ RF INPUT conn^or 45. Signal source cohnected 
tothispbrt^ ' ' 



Figure 4, 
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INCOMING INSPECTION TEST 
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J> . . 




1. - ■ 
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OFtM 




INDOENT 

^ 




REFLECTED ^ 






RF mPUTJi 




— 


test' J 




" . ■ ’ 




1, I.,.| T'" 





TBAHWISsloWRErilCTIDII ' TtBMUIATlOW 
TISTSET 






EQUIPMENT: 



Network Analyzer. . . . . . .> 
) Type N Male Short , 



HP8505A 
..... HP II512A 
... HP909A 
Option 012 and H69 



} . n- 



•Part of IIP 85032A son Type N Calibration Kit. ■ ' 

PROCEDURE: ' 

'V - • ^ ' 

a. 






Set 8505A controls as follows: ^ 

A I, Source/Converter: 

; ■ OUTPUT LEVEL dBm /. J . . . .... ... . 

OUTPUT LEVEL Vernier. . . . . .i. .... 

INPUT LEVEL MAX V. 



..... .J. ....-1C 

.....0 

. .... p. ... 1 0 ■ 



....LIN .5-1300 
LIN FULL 



A2 Frequency Control: 

RANGE MHz .............. ..... . . 

SCANTIMESEC 1-1 

TRIGGER. ..... .... . AUTO, 

MARKER Switch . J. . . . . ....... ..;... ............... 1 

MARKER Vernier. . , .Mid-range 

FREQUENCY MHz START . . ; ... ... . . . . ..... 0 

FREQUENCY MHz STOP. ....... 1300 



Figure 5. Incoming Inspection Test (I of 3} \ 
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Model 8502A 



INCOMING INSPECTION TEST 



PROCEDURE (Cont'd); 



V Signal Processor: ' ' . 

, v ChannelT ■ " ■ - ' 

INPUT. ^ : . >v. . -vv, 
■ ' li 1 ‘^i ! ' * MODii ^ . * . . ►> I 

scALE/Div .'.'v.'.'. . , 

5^i0ni ' .V ;'/'■■ c/ ; :;V ■; ' 

. r ! ,v.,,;'i Chahn^^ ■ ':-r,. ) 

;,‘4v; - . .■■. .:v .'; . A . . , 

: '.'/V',’ ^ \ Electrical Length: ^ ' ■; ' ' ' 

''■-i'i ] - I ' A,'t , I. : MODE. . ...V. •* ► 

'.-M'- i / '■ ■ ->t 1 . . ’ \ “ "••i • 



W V 

r *!- *• 



I't'" i^lSet 8502A-RF INPUf^-A^ control to 0 dB. 

I ,rnrilriL‘'ct omiiDmeht as sfiown in test setUD with TEST do 



'’-'l i.v ', 



' ' . . 



....'....t::..<.v>...:. A/P 
.. ...f^a MAC - 

.....20dB 



:v..,.oFF 



i, '■ ■'. 



.OFF 

■■ 1 <■ ■ 



J)'i‘ to ret’vU'n si^stenr to normal operation.' 

I i/ I. ,/l » : l'.'. 'it . Wi' ^ysM « i-1 A * ^ 'i t \M h rh t. 



POSN pushbutton. Adjust CH 1 control V; 
Press REF .LINE POSN pushbutton again 

- -it -I,'. 



i. I ^ '*1 I i * Vv ^ j' 'l I ’ •* ; - 1 ' 

measurements, attach short directly to 8502A , 
^^t''i’'')^^/vi'‘/rESli|;|porti I .press DISPLAY MKR-theri' ZRO ' 

pu^l>utto|jS*t6’piacf m reference line:and to zero digital readout.' ' 






-Narr., v:v . 

be properly seated 1n the corinector. with '• 

tigh^ing.nu^ 

' perly.seat^,iow dirertlwity will be measured, and the measure- [ ’'\ \ 

'V " ’ ' '■ : , 

' '' Vt' i ^ .. . . '■ 

TO' ^ directivity of the 8502A, remove the short and replace it with a 

V%i '’ i ' ' ' ' -i »r5bn t^^ HP 909A, Option 012 and H69. The SWR of the termination must 

,’, (!) M6ve 8505A Ftequericjf Control MARKER 1 control to worsj-case directivity as 

' . V V , indicated on CRT (the point closest to calibration line as shown in the waveform). 

. ■ '■;. .. ■■ :, . . 
I'll) : ... - ;. ■ ';■.,; V .. ., ■ ' .. ’ ■ . ' ' ' .. - ' . ' ' 






-'r ^ 

a:: -A, 



(2) Read worst-case directivity from 8505A Signal Processor Channel 1 dijptal dis- 
play. The indication should be >40 dB below the 0 ilB reference level (~40 dB 



or. below). •) : 



Figure 5.^ incoming Inspection (2 of 3) 









^(Iode^ 8S02A 



INCOMING INSPECTION TEST 






: ' ; i'' ' ’!'■ 



I i ; 



■ i:':- • 

I' .- V. ■ ; ' r'r'- P, 

.a.' 

dB REFERENCE' / 

■■■. ■'■■■' ■ •• ■ ■';ii-V:v.;y 
, . M.V., I ; 

. S , t •• '.I ^ > I' " 

WORST-CASEj<;i:/i^ ^ 

DIRECTlV»Ty;:t::'’>VV'^^;^ 



1 '■ 

•’V. ;., 



'■i/V,: - 

iH' ■ ■ ’ iV. . ■ ■ ■ . .f, a' - '■ i' ' ■' 

,^;;-NOTE ^ 

If the wworst-case directlyity appears to t« less /than 40 dB, then ' V 

remoW the termination, bhsi^ the 8505A digital marker read- ■ 

ings with , the TEST: portjbpen, then ported. The ave^ Value ' ' ; ^ \ 

between the digital markerj readings (open ai^ shorted) is the true 

rdfemi^ at that freqiijencv.' Replace the termination. The dir^- 

iwity is the difference between the true reference «id t^ 

reading taken with the termination, v ' 



1 



Figure S.^Incoming fnspeiitpn Test f 3 of 3) 

' ^ V > '•( ' ^ ' 

' ,1 . ' V . ! . ‘ 






,::::.;^^1 ■, ■ - 1 ;,;;^,. :;\. ,\ ;. ;: ' ' ■ ■; : ■ ; X :. r ;:- / . : X '. , • '* v , ■■: 

■ ■. = !fVA--A:A ■ ■ /I.: ' ■' " ' ' ■ ■ 
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35. PERFORMANCB TESTS A\ 

■ :> % 

36. Introduction'' ' \ \ 



' ///, 

J / 






;\': vA 



■■- : "■ ''A:, 

. 39. Equipment Required iA)"‘ . ^ 

, A- A ■ ■ :,■ -'A;- ■ \py/ 

40. Equipment required for the’ Aperformirt^^l ^ 
tests is listed in the Recommended Test"! Equipment/ yjf 
’ in’ Table 3. Any equipment, that satisfies thf 
critical specifications given in the table niay be 



37. Thy. prbcedures m this'^ection test the electri- , substituted for the recpinniended mode!. 

’ cd perlormance of thV instrament using the speci- , ' ' / ' , > 

j fications of Table ib'iJS the performance standards. ) 41. Test Record • ' ' 

All tests can beXpwprmediiwithout access to th^ < ■ m ,' 

' interior of , the instrument,/; A simpler incoming ,, 42. Results . of th^ performance tests niay bt'.itab- , 
inspection test is included hvParagraph 33. uiated on the Test Record at the end of the proce- 

^ / A^/i' A - f J ' tlures (Table 6). The Test Record lists all of the 

38. The performance ' test !j[^rocedures should be ttJSted specificadons and ;their acceptable Himts. 
performed in the sequence given. If a function fails Test respltsy're/corded at incoming inspection can < 
to operate, go to Paragraph 71, Troubleshooting ’■ be used for comparison in troubleshooting^ and 

‘ to find which major assem.bly or cable has failed. / ' after repairs. * > , . , 

^ ■ ,i- - ; : .■ a'. ■ ■ ^ ■ ri) i i 



p.’' 



A.)v 



PERFORMANCE TESTS 



' » ■> ’ 






7~ 



■X I 

I 

•'} 



NOTE 



■O' 



' V' 

*a" 



I V 

► 



Allow 'one hour warm-up time on 6505A iNetwork Analyzer before making 
the Performance Tests. A ’ 



43. DIRECTIVITY TEST 

SPECIFICATION^ 

Directivity: >40 dB 

' .X" ' Vv 

DESCRIPTION: 



■> - 






Directivity is tested using the internal coupler to measure the reflection coefficient of a standard termin- 
A:, ation. The termiriation return loss is much greater than the directivity, therefore the resultant measure* ‘ 
: ,A ment is the approximate coupler directivity. , . ' A 






The Directivity Twt has been used for the Incoming Inspection Test. The test setup, equipment and pro- 
I cedures needed to test the directivity specifications are found in Figure 5, Incoming Inspection Test. 



RESPONSE TEST 



y 



SPECIFICATION: ^ , V ^ 

■I ■ ■ ■ ' : ’ , • ' V , . , , 

" Transmission Frequency Response: <±0.8 dB Mag 

1 <±8° Phase (± degress tested as deviatidn from linear phase) ’ 



I"'- 
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Model 8502A 



PERFORMANCE TESTS 



44. TRANSMISSION FREQUENCY RESPONSE TEST (Cont'd) ) ’ 

' ... .. . . ’ . . .■> . , 

■EQUiPMEOTf : V . ■ 

Network Analyzer. . *..... — . HP8505A 

3-Way Power Splitter. ..... u HP 1 1850A 

son Type N Male Termination I ...... .HP909A Optidn 012 

A « Matched Type hi Male Coaxial Cable Kit. HP 1 1851 A 

■ / . ■ ' 



lVl»ROCEDURE: 

r 'I 

• ' ' 'li' 

a. Set 8505A controls as follows: ’ 



Al Source/Convertert , 

QUTPUT LEVEL dBm..........' ..-10 

OUTPUT LEVEL Vernier i 0 

INPUT LEVEL MAX ... . . ...... . . .......... ....... -10 

A2 Frequency Control: . ’ , , 

MODE ...... ^.........vv..... ...UN FULL 

WIDTH .... .’. . . ... . . ..... . . ^ . ... . ..... . .START/STOP 1 

SCAN TIME SEC ............. . ... I - .1 

TRIGGER..... AUTO 

MARKERS Switch ..... . J . . ... ... ..... . J ....... 1 

MARKER Vernier. ......... ^ 'V j . Mid-range 

FREQUENCY MHz START .... 0 

' FREQUENCY MHzSTOP....... 1300 

SCAN TIME SEC Vernier . . . . . . . . . .i . . . . . . ........ ... J. Mid Position 



A3 Signal ProceKor: 
Channel 1: 
INPUT. .... 
MODE..... 
SCALE/DIV 



. B/R 
MAG 
.2 dB 



' Channel 2: < . 

INPUT.............. B/R 

MODE : PHASE 

SCALE/DIV 90 DEG 

Electrical Length: 

INPUT.........:..................... B 

' MODE XIO 



[Display Section: 

BW . j 10 kHz 

Video Filter. .OFF 



b. Connect equipment as shown in Figure 6, Configuration A. 
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Mbdel8502A:v’: " V;^; ;:"r 

PERFORMANCE tESTS 

44 . TRANSMISSION FREQUENCY RESPONSE TEST (Cont'd) 

c. bn 8505A CRT display, depress REF LINE POSN pushbutton. Adjust CH I and CH 2 controls 
until traces are positioned to center of screen. Press REE LINE POSN pushbutton a^in to return 

, system to norma! operation. , ' / - . ' 

d. On 8505 A Signal Processor turn Channel 2 MODE switch to OFF. 

e. To determine the magnitude frequency response of the Network Analyzer, place 8505A Frequency 

Control MARKER 1 on Center, graticule: / 

(1) On the 8505A Signal Processor Channel 1 press DISPLAY MKR and ZRO pushbuttons to place 

' marker on reference line and to zero digital readout. 

(2) Grease pencil the trace on the CRT. 

f. To measure the transmission magnitude frequency response of the 8502A connect equipment as 
shown in Figure 6, Configuration B. 

(1 ) Set 8502A RF INPUT ATTENUATION control to zero dB. 

. :;v; ’ . • ' 

(2) On 8505A Signal Processor Channel 1 press REF OFFSET pushbutton to center the display 
around the grease pencil magnitude trace. 

(3) Measure the maximum difference between the grea^ pencil trace and the display trace (Figure 
7). This measured value should be <0,8 dB. 

g. To determine the phase frequency response of the Networlc Analyzer connect equijmient as shown in 

Figure 6, Configuration A: ’ ^ V 

: (ly Remove CRT grease pencil traces from previous test. 

(2) Turn 8505/V Signal Processor Channel I KlODE switch to OFF and Channel 2 MODE switch to 
^ PHASE.; : . .. ' . " ; 





GREASE PENCILTRACE 
DISPLAY TRACE 



Figure 7. Transmission Frequency Response Magnitude 



I 

I 
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Model 8502A 



■; PERFORMANCE TESTS ■ ' ■ ; . ^ 

♦^. TRANSMISSION FREQUENCY RESPONSE TEST <Cont^) 

^ .. . , . , , :,!■ . , ■ " \ 

' (3) On the 8505A Signal Processor Electrical Length, press the LENGTH pushbuttons and adjust 
VERNIER B control to display a horizontal trace on the CRT. 

(4) Set 8505 A Signal Processor Channel 2 SGALE/DIV switch to 2 DEG. 

; ^ i ^ 

’ (5) Ori the 8505A Signal Processor Channel 2 press DISPLAY MKR and ZRO pushbuttons to place 
marker on reference line and to zero digital readout. j 

, (6) Grease pencil the trace on the CRT. ^ 

h. To measbre,the transmission phase frequency response of the 8502 A connect equipment as shown in ’ 
Figure 6, Configuration B;’ ' ) . ^ 

u , ^ ^ _ ■ i- ^ ^ ' ’.’j ■■ 

( 1 ) Set 8505A Signal Processor Channel 2 SCALE/DIV switch to 90 DEG. 

I.' _ 

(2) On 8505A Signal Processor Electrical Length' press the LENGTH pushbuttons and .adjust 
VERNIER B control to display a horizontal trace on the CRT, 

(3) Set 8505A Si^al Processor Channel 2 SCALE/DIV .switch to 2 DEG and repeat step h (2). 
;,(4) On 8505A Signal Processor Channel 2 press MKR and ZRO pushbuttons. 



(5)" On 8505A Signal Processor Channel 2 press the REF OFFSET pushbuttons to center the display 
around the grease pencil phase trace. 

i ':<■ I. :■ '= . ' ‘i ' ■ ’ I- ' ' 

, (6) Measure the maximum difference between the grease pencil trace and the display trace (Figure 

, 8). This measured value should be <8®. » ^ 

•3 ' ■ ■ . 




•5 
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Model 8502A 









PERFORMANCE TESTS 



45. REFLECTION FREQUENCY RESTONSE TEST 



SPECIFICATION: ^ ' 

<±1.5 dB Mag from 0.5 to 1300 MHz 

<± 1 5" Phase from 0.5 to 1300 MHz , , 

<± 10® Phase from 2 to 1300 MHz • 

DESCRIPTION:. ' 

The reflection frequency response of ^he 8505A Network Analyzer system is first recorded with a grease 
pencil on the CRT display. The 8502A is conjiected and the reflection frequency response is superimposed 
over the reference grease pencil trace. The difference in the two traces is the reflecifon frequency response 
of the 8502A. > . 



CONFIGURATION A 



I ., 



NiraORKMALVZiR 




WATCHED 
COAXIAL CABLES 



nWERSnlTTER 

TERWIHATION 



Figure 9. Reflection Frequency Response Test Setup (I of 2) 






4 
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PERFORMANCE TESTS 



45. REFLECTION FREQUENCY RESPONSE TEST (Cont'd) 



Model 8502A 



CONFIGURATION B 

ft 



REnraRRAMLVZER 



rests Bssssei 



BF 

■ OUIPUf 



vt i» O t’ >v 



• 'V ,T 



, EQUIPMENT: 



INCIOEIIT I I REFIECTEO 



e 

TEST I 



lUZA : 

TflMSMISSIOMmEFLECnON 

TESTSIT 



< > OKU 

* IFNASE), 



Figure 9. Reflection Frequency Response Test Setup (2 of 2) 



Network Analyzer. . . . . . . .,.i . . . ...... ^ . HP8505A 

‘3-Way Power Splitter. .../. . ...... i.. .... . . ... ► . . .... . . . .... HP 1 1850A 

, ^ , 500 Type N Male Termination . . . . . HP 909A Option 012 

' Matched Type N Male Coaxial Cable Kit.. .... ......: >. . . . ...... HP 1 1 85 1 A 

type N Male Short v . ^ .......... HP 1 1 5 1 2 A 

) ■ • ■ '■ V ■ ' 

PROCEDURE: 



a. Set 8505A controls as follows: 

1 > . ' J ,1 • . ' » ' : , ■ ' 

A 1 Source/Converter; , ’ 

’OUTPUT LEVEL dBm....... -10 

' OUTPUT LEVEL Vernier . ............ .... . . . ; .0 

INPUT LEVEL MAX -10 
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Model 8502A 

, ■ ■ ■" ' i' > ■■ ■ ^ ^ ■, ' 

. ' ■■ :r . ' 

PERFORMANCE TESTS 




45. REFLECTION FREQUENCV RESPONSE TEST (Cont'd) 



A2 Frequency Control: ' ' ’ r _ 

WIDTH ............ . . . V . . . START/STOP 1 

SCANTIMESEC ........... ..V. ..... ^ 

TRIGGER. . ... ^ . . . . . . . . : ^ • ^ AUTO 

MARKERSSwitchV..........v.......iv*-'---'*---“'"';;- ■' * 

MARKER Vemieri. 1 . : . V. . . A Mid-ran^ 

FREQUENCY START .......; . . ... ... . . . . 1 . . ^ - > > • • ; O' 

FREQUENCYMHzSTOP. ^ ‘ 1300 

■ ' V". '■'•vO' ' ' - ■ r .. , ■ ■ . ■ ■ 



f'i) 



A3 Signal Processor: ’ 

.Channel 1:’ V 

MODE........’. 

SCALE/DIV.. 






... . A/R 
..MAG 
.. .5dB 




Channel 2: 

INPUT. . 



MODE....V .... 
SCALE/DIV . . . . . 




Electrical Length: 

INPUT...... V 

MODE .i..... ..... .... 



....A/R 
..PHASE 
. 90 DEG 



....... A 

.....XI 



b.'; Connect equipment as shown in Figure 9. Configuration A. 

c On 8505A CRT display, depress REF LINE POSN pushbutton. Adjust CH 1 and CH 2 controls 
until traces are positioned to center of screen. , Press REF LINE POSN pushbutton again to return 
system to normal operation.. , ' ^ ^ ^ ^ j 

d. On 8505A Signal Processor turn Channel 2 MODE switch to OFF. 

■■■ ' ■ ■ ■ ' , ' /■ '; , ■ ; ' 

e. To determine the magnitude frequency response of the Network Analyzer move 8505A Frequency 

Control MARKER I to center graticule: . 

(1) On the 8505A Sipal Processor Channel 1 press DISPLAY MKR and ZRO pushbuttons to place 

marker on reference line and to zero digital readout. 

'V ^ . ri ' ' ' • ■ ^ 

(2) Grease pencil the trace on the CRT 

f. To measure the’ reflection magnitude frequency response of the 8502A connect equipment as shown 

in Figure 9, Configuration B with TEST port shorted. ^ 

(1) Se?8502A RF INPUT ATTENUATION control to 0 dB. 

(2) On 8505A Signal Processor Channel I press REF OFFSET pushbuttons to center the display 

around the grease pencil magnitude trace. , ■’ 




.'. ■'-o-.; . VI'- - ; ■ : ■ ' s’ -.. i ' ■ ' ■ 



l' ■ ’ 
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PERFORMANCE TESTS 



45. REFLECTION FREQUENCY-RESPONSE TEST (Cont'd) 

^ ■ fVv' ' I' ' ' ‘ - ■ 3 - ' ' . . . -3 ,■ 

i (3) Measure the maximum^^a between the grease pencil trace and the display trace (Figure 

‘ ‘ i ' A{ io). This ipeasured value should be <1.5 dB for the entire 0.5 to 1300 MHz frequency range. 



.3 ^ 



. '■ ' ' 3‘ ! 



GREASE PENdlL TRACE 



MAXdB 



DISPLAY TRACE 



: Figure 10. Repection Frequency Response Magnitude 

g. To determine the phase frequency rwponse of the. Network Analyzer for the full O.S to 1,300 MHz, 
, frequency range ci^nnect equipment as shown in Figure 9, Configuration Ar ' ■ 

' (1) Remove CRT gijease pencil trace from previous test. , 

; 3 ^ ; A vj- A 3,,' ' ; ' . " . ' ' ^ A' '■ 

(2) Turn 85b5A Signal Processor Channel 1 MODE switch to OFF and Channel 2 MODE switch to 

Ai. ■ ■, 

(3) bn the 8505A Signal Processor Electrical Length, press the LENGTH pushbuttons and adjust 

VERNIER A control to display a horizontal trace on the CRT. A ■ , , 

(4) Set 8505A Signal Processor Channel 2 SCALE/ DIV svln,tch to 5 DEG and repeat step g (3). 

^ ‘ ’ ■ ■ ; . ■■ , ■ ; 

(5) On the 8505 A Signal Processor Channel 2 press DISPLAY MKR and ZRO pushbuttons to place 
marker on reference line and to zero digital readout.' 



I , (6) Grease pencil the trace on the CRT. ^ ■ 1 ' 

h. To measure the reflection phase frequency response of the 8502A ponnect equipment as shown in 
'Figure 9i Configuration B with TEST port open. ' 

( 1 ) Set 8505A Signal Processor Channel Z SCALE/DI V swteh to 90 DEG. 

(2) On 8505A Signal Processor ELECTRICAL LENGTH press the LENGTH pushbuttons and adjust 

VERNIER A control to display a horizontal trace on the CRT. A ' 

(3) Set 8505A Si^al Processor Channel 2 ^AlE/DIV switch to 5 DEG and repeat step h (2).. 

(4) On 8505A Signal Processor Channel 2 press MKR and ZRO pushbuttons. 

' . " ' / . ■ ” .. . • . . • '”'.1 
3-AA.V.A A'33:',-,„„ — ^ ■ 19 
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(5) 



• f-'. k . 



I around the grease pencil phase trace. 



5 \y t . C; 






GREASE PENCIL TRACE 



’ DISPLAY TRACIEt 



...■ 




-I -I 






Figure !L Reflection Frequency Response Phase 



i. , To determine the phase frequency response of the Network Analyzer for the 2 to 1300 MHz 'freq- 

uency range, connect equipment as shown in Figure 9/Configuration A: 

' (1) Rernove CRT grease pencil trace from previous test. 

(2) 



(3) Set 8505 A Frequency Control FREQUENCY MHz START control to 2 and FREQUENCY MHz 
STOP control to 1300. 

■ *' . ’ ■ ' ■ .'■■■' ' , f 

* (4) Set 8505A Signal Processor Channel 2 SCALE/DlVsv/itch to, 90 DEG. 

^ ^ . / ■ ■ ' . ■ ■ ' ■ ' 

(5) Repeat steps g (3) throu^ g (6). ^ ' ' 

j ’ To measure the reflection phase frequency response of the 8502A connect equipment as shown in 
Figure 9, Configuration B with TEST port open. 

(1) Repeat steps h (I) through h (5). > ^ 

'■ (2) Measure the maximum difference between the grease pencil trace and the display trace (Figure 

ll).ThismeasuredvalueshouIdbe<10" forthe2to 1300MHzfrequencyrange. ' 

(3) Remove grease pencil trace from CRT. 



(d) Measure the maximum difference betw'een the grease pencil trace and the display trace (Figure 
liy This measured value should be <15“ for the entire 0.5 to 1300 MHz fr^uency range. ’ 
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' 46«TEST port open/short RATIO TEST 

■ '. ■ \ i-i 



■'fi: 



S^CIFICA!i;iaN:<i; \ ' 

Test Port Open/Short Ratio,: ’ ;V ^ \ 

•^±6,9 dB Mag Stui '<±7.5® Phase fromT 000 to 1300 MHz 

<±0.75 dBMagand<±6“ Phase from 2 to 1000 MHz n , 

<ii.25 dBMagand<±,il0® Phasefrom’0.5 to 2 MHz , 

-i ^ >. ■■ . ■ 

DESCRIPTION: . 

Magnitude open/short ratio and Phase open/short ratio for frequencies above 2 MHz are measured using 
the reflections generated by a short through a 6-fl. coaxial cable which is connected to the 8502A TEST 
port; Peak-to-peak readings are taken from the -CRT trace to determine the actual open/short ratio while 
the effect of the return loss of the cable used is accounted for. To compensate for the added line length 
on the 8502 A TEST port, a 12-ft. coaxial cable is connected from the 8502 A INCIDENT port to the 
8505A R Channel. For frequencies below 2 MHz, the TEST port is directly shorted, then opened, and this, 
ratio is read directly from the CRT trace. - 



CONFIGURATION A ; 
(Frequmcy Range: 2 -1300 MHz) 



NrnraiiKMAivnR 




f^^rl _ O o 0 o oo , 

DUTWT ^ • ___H8 



MMlCOMUL 

CAtlEHMIHIA 



^ COAXMUL CAAIC 

“iiE* HritniA 



IMCIOENT 1 X REFIECTED 



12 Ff. CABLE COMSISTSOF ONE HMISMAAKDOHE 
HP IISOtA CDMECTEO TOGETHER. 



HU* XFT.COAXUL 

TRANsttiStoa/RmEcnm cmuhpiiuia 
Tinsn 



Figure 12. TEST Port Open! Short Ratio Test fl of 2) 
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46. TEST PORT OPEN/SHORT RATIO TEST (Cont'd) 



CONFIGURATIONS 
(Frequency Range: 0.5-2 MHz) 



HEteoRRANALynn 



rs::: cstsssl 






n _ OOOOOO 

OUTWIT O • ■ ___88 

® 'iJ O o m 



24-III.CaAXtAL I 
CAniHf IIKIA^ *1 „ 

/ 

mciDEUT , , l«FticnD 



I * dimr connection 

MSA 

trammssion/iicflectiori 

TEStUT 



Figure 12, TEST Port OpenIShort Ratio Teh (2 of 2) 



EQUIPMENT: 



Network Analyzer.: ........ . . . . . . . . . . . . . • . • ► - • *, 

Type N Male Short . .■. . . ... .... ... . . ... . . 

6-Ft. Coaxial Cable, Type RG-2 1 4, with Type N Male 
Connector on One End andType N Female Connector 
on the Other end (2 required)}. .. ... . . . v. . . . .; . . . . ► 

6-Fl. Coaxial Cable, Type RG-214; with Type N Male 
Connectors on Each End. . .... . — .......... . . . .' . 

24-ln. son Matched Coaxial Cable with Type N Male 
Connectors on Each End (3 required) .............. 



. HP 8505A 
HPM5I2A 



HP IISOIA 
HP.nSOOA 



HP11851A 



PROCEDURE: 



a. Set 8505 A controls as follows: , ' 

' ' ‘ " ■ ■- ^ ■ 

A I Source/Converter: , ' 

OUTPUT LEVEL dBm .....' ...-10 

OUTPUTLEVEL Vernier. ^ - 0 

/ INPUT LEVEL MAX ...... : “10 



V 
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46. TEST PORT OPEN/SHORT RATIO TEST (Cont'd) 



A2 Frequency Control: ' 

RANGE MHz . ..... . . i ... i .. J . . ’ 5 - 1300 MHz 

MODE; . . . . . . V. . . . J . . . ....... . . . . UN EXPAND 

WIDTH . . . . . . . . . . ....... . . . . i . . . : . . .. . START/STOP I 

, SCAN TIME SEC . • • 1 

. . TRIGGER, AUTO 

FREQUENCY MHz START ............ .\1000 

' FREQUENCY MlizSTOP... .... . V...... .... ... ..:. . ..1300, 

MARKETS Vernier. ... . . . .V. . . .;.v:. .. . .......... . ; . . . .Clockwise 

’ ^ ■■ v, ^ ^ v ■ 

A3 Signal Processor: ’ ’ ' ' 

. Channel'!: • ■ v; ' 

INPUT. ......................... A/ K 

" ' MODE. , ^ • MAG 
SCALE/DIV . . : . ........... . . . .... ...... . . .5 dB 

^ Channels:/ \ '.n'.,.-, ' < . 

- INPUT^ I ♦ • » ¥ • ^ * ¥.¥ »»**'*••••♦♦♦•►** * •* • ► * • ► •■I*.! • * * ► />/K- 

MODE. . 

SCALE/DIV . . . . . . . . . . . j .?. . . . . . . . . . . . '. . . .......... . 1 . . . : . 5 DEG 



Electrical Length: , 

< INPUT , i........./.. 

MODE..'. . 






;; . i..= xio 



b. Set 8502A RF INPUT ATTENUATION control to 20 dB. , 

■ ' 'I I ■ ' 1 ' ' / ’ : ■ 

■' 'i'' ' ^ .'■'r' ' , ' I. ' '! *1 ■ 

‘ c. Connect equipnient asshowii inFigure 12, Configuration A. ^ 

d. On 8505A CRt display, depress REF LINE POSN pushbutton. Adjust CH 1 and CH 2 t‘bntroIs until 

traces are positioned to center of screen., Press REF LINE POSN pushbutton again to return system , > 
to normal operation. . : ^ ^ ‘ ^ 

e. On 8505A Signal Processor turn Channel 2 MODE switch to OFF. ' ’ ; ^ 



f. ’To, measure the TEST port open/short .magnitude ratio between lOOU and 13UU MHz, move 
Frequency Control MARKER I to center ^aticule.' ' 

(I) , On the 8505A Signal Processor Channel 1 press DISPLAY MKR and^ZRO pushbuttons to place 
marker on reference line and to zero digital readout. ' , 
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46. TEST PORT OPEN/SHORT RATIO TEST (dpnt'd) " , 

(2) Measure the maximum peak-to-peak variation on the display (Figure 13) and record the results: 



Magnitude: 1000 to 1300 MHz' 



^dB 




Vf, Figure 13. TEST Port OpenlShort^ Ratio Magnitude >2 MHz . 

■ ' ■ ■ note ^ ■ 

If a peak-toiieak measureinent is an area where there is some slope, 

a corrected readirtg can be obtained by connecting two’ adjacent upper neaks with 
a dotted line. Extend a vertical line up from the lower peak until it intersects 
the dotted line. This constructed vertical line is the avera^ or fxjrrected peak- 
to-peak me^rement to be used (Figure 14). Avoid making peak-to-peak meas- 
urements at extreme slope changes. 



Corrected ' i 
P-P 

Measurement 



Figure' 14. Slope Peak-To-Peak Measurement 
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46. TEST PORT OPEN/SHORT RATIO TEST (Cont’d) , ; ^ ' 

! V g. Calculate the actual maximum open/short magnitude ratio for the 1000 to 130(J),MHz frequency range ' 
i by dividing the measured value (recorded previously) by the reflection coefficient of the test cable 
I ■>' ; used (Table 5, Column 1000 MHz), or: 



MEASURED VALUE dB ^ ACTUAL OPEN/SHORT RATIO MAGNITUDE 

REFLECTION COEFFICIENT .) ’ i , , - . ^ 

OF TEST CABLE V: . " 



' ' ii , t ' J ' ■ '111 ' 






Table 5J Loss of Topical Coaxial Cable Used for 6-Ft. “TesC’ Cable 



Cable Type 



RG-214/u 

RG-58/U 

RF*2l8/u 



600MHz 



> pfor12-Ft. -•'> 
(out& back)' • ^ 

; y/o.9i 






1000 MHz 

p for 12 Ft. 
(out 8t back) 



V'O. 95 !'!,,; 



■\y ■ : l - '. w ;"' 
;v’ 






h. V' To measure the TEST port open/sho’rt phase’, hitio between KMKland 1300 M)lz: 

-- (1) Set 8505A Signal Processor Glanriet ’ T MODE switch' to OFF a’nd Channel 2 



(1 ) Set 8505A Sigrtal Processpr Glanript ; 1 . 1 

, PHASE..,:, ' : .v,,- ■: v: 

S' ./ r:,S : id "V: -s. ' 



MODE switch 



(|2) ; On: 8505 A Signal Processor 'Channel, 2. prcK. 'DISPLAY MKR and .ZRO jiushbuttons to place ^ 
j/ f marker on reference line and to zero digital readout. ■ ’ 1 ' ^ 

^ ^ ^ ^ “ ' , ■ , 

i.f (3) On 8505A' Si^al Proctor ELECTRICAL LENGTH, press the LENGTH pushbuttons and adjust 
: ' , y' VERNIER 'A control to .display a horizontal trace on the CRT. If necessary ^you can change 
, 8505A ’Si^al Processor .Channel 2 SCALE/DIV switCh'to a lower sensitivity to position trace , \ 

f to a 'horizontal ppsition, then return it to PHASE 5 DEC setting befojre going on with test. 









. Signal Processor Channel 2, press REF OFFSET, pushbuttons to move trace to a 

' ’ ; reaidable position on the CRT. ' 1 



,, ,■ ■, ,.'1 ,1 ' 

V"7 , ]: 0 ■ 



’} '< 'I I . • 

A ■ r ” 

• ,..f • j 'f •' , , ; • • ; , r. : 






i d 

■ . 1 ',: - , 






J'Jl !r ^ ’ V ^ 

: 'f - : I. >]. ■' 



'.'i ' •' ■ 
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(5) Measure the maximum peak-to-peak variation on the display .(Figure 15) and record thb result 
I I's (See Figure 14): , .i ’ . ' / ^ , '■ ^ 






PHASE: 1000 to 1300 MHz = . 



r 1 ' ' J V 










^ :'r.r ■ , - 

»V ; - :! • . ' ■ 

i / 1 Calculate ths actual milximum’ open/short ratio^ phase for the lOOQ to 1300 MHz frequency range 

r, . ‘ „ by dividing the measured value {recorded above)) (iiy the reflection' coefficient of the test cable used 

:'r . ^ (Ta^le 5,Coldmti;l0()0 MHz), or: ' ^ v' . '•‘'s ' ... ’ > 

H H DEG^ := Af^irAi hpPN/SHnRf RATIO PHASER ’ ' 

\ v,\y 

:!i:e>-;.iyy'.'^:'yvvbFTEST,CABli^^^^^^ / 

’ '‘hu ' actual open/short ratio phase for ;1000 to 1300 MHz should be '<15“ (^i^T.S"). ' ; ’’ ) y 



; ■ ‘»A,i 



■ ' ( '■■■■' . ■ 1. 'J,' . 



' j. I, To measure the TEST port o] 






2and1^(iOMte 

'.y ■ " V ■ ^ 



(1) Set 8505 A Frequency kpontroF^^ MHz, START conti'bl, to 2 and FREQUENCYN 

^ MHz, STOP cohtroMo lObO^^ : ^ V, 

. .. ' A ■ . , ' ■■■/ ■ 

(2) Set 8503A' Signal Proces^bf Channel 2 MODE switch to OFF.arq,! Chali)pel I MODE switch , to 

'y y„ : : 'l; , ■ 

'(3) Re)/eat step f except that the^^idsure^ for tb||reque‘^c^ range''j?t,t,o l0()0 MHz^ -^ 

• ,(4) To ralcuiaie th'e^^a^^^ MK? frequency range^’Sepeat 

' step g except the bOO/MHz column, in Tjijble 5 to find the, jfeflection coefficient of the test 

> , cable ii^d. The actual bpen/shori 'WibVm'agnitude,, f^^ 2 to lOOO MHz shouldi-be <L5 dB 



v. % . v# ' v'y- Ih; v ^ -m-' ■’ ' ' 

r. ■’ '-Vi, ■ aV, ;v A '"O'..,,,;!,, ■ . 



i ■' 










. j ■ .''i ’ 



■ ( ".' '■ ■■ -i 
/y-'r 



t 



Model 8502A 



, 






PERFORMANCE TESTS 



1 



‘(V' 



46. 

k. 



v:, 

I'-':' 'I./;' 






■'■M 



dB. 



-:■ ■ ':i. ■ 

m. 

, ' , ' 

r’ 



’ n. 






TEST PORT OPEN/SHORT RATIO (Cont'd) > 

. ■•' ' ■ : ■ 1 . ■ i ' ^ ■■ ■ ■ ■ . V • I ; . I 

. . i ' \ 

To meiisure the TEST port open/short ratio phase between 2 and 1000 MHz: ' 

;•■■■■ .'1 . , 

(1) Repeat step h except that the measured value for. the. frequency range ,2 to 1000 MHz = — 

(2) To calculate the actual bpen/short ratio phase for 2 to 1000 MHz frequency range, repeat step i 
except use theUoo MHz column in Tab^ S to find the rellectiop coeftlcient of the test cable 

used. The actual bpen/short ratio phase for 2 to 1000 MHz should b»^ < 12“ (<i6“). 

To measure magnitude and phase open/short ratios below 2 Ml^z connect equipment as shown in' 
Figure 1 2, Configuration B with TEST port open, , 

(1) Set 8505A Frequency Control RANGE MHz switch to .5 — 13 j . 

(2) Set 8505A Frequency Control FREQUENCY MHz START control to 00.50 and FREQUENCY 
' MHz STOP control to 02.00, 

(3) Set 8505A Signal Processor Channel 2 MODE switch to PHASE, , > 

(4) On 8505A CRT display, depress REF LINE POSN pushbutton. Adjust CH 1 aiid CH 2 controls 

untiFtraces are positioned to center of screen. Press REF LINE POSN pushbutton again to return 
system to normal operation. ' ■ 

(5) On 8505A Signal Proce^or Channel I and Channels press MKR then ZRO pushbuttons to bring 
1 trace to on-screen position. , 

(6) On 8505A Frequency Control set Frequency Counter MHz MARKER 1 to beginning of sweep on 

■ CRT. , ^ ... .. . , ■■ . , ' 

I \ ’ . ■ - , ■ ' 

(7) Oil 8505A Signal Processor Channel 1 and Channel, 2 press MKR then ZRO pushbuttons to 

place marker on referehce line and to zero digital readout. , , 

(8) Set 8505A Signal Processor Channel {2 MODE switch to OFF. , 

‘ ‘ ‘ 

To measure the TEST port open/short ratio magnitude between 0.5 and 2 MHz: . 

' (I) Attach short directly to TEST port. 

■ " • Vi ' . ■ ' • • -f ' 

(2) 8505A Signal Processor Channel 1 MKR digital display should indicate <2.50 dB (<t I *25 dB). 
To'measure the TEST port open/short ratio phase between 0.5 and 2 MHz: 

(1) Remove the short from the 8502A TEST port. ,, ' r 

' ' ■> . ’■'> •' ' ’ ■ ’ ■ 

(2) ' Set 8505A Signal Processor Channel 1 MODE'switch |o,OFF and Channel 2 MODE switch to 

'PHASE. , i' ■ , . f'' -4 ''''C 'i., , ' I ' V4' ' 

4v , 



i ' K- ■) 
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46 . TEST PORT OPEN/SHORT RATIO TEST (Cont'd) ! > ( 

(3) On 8505A Signal Processor Electrical Lengthy press the LENGTH pushbuttons and adjust 
VERNIER A control to display a horizontal trace on the CRT. If necessary, change 8505A 
Sighal Processor Channel 2 SCALE/DIV switch to a lower sensitivity to posttion trace to a 
horizontal position, then return it to PHASE 5 DEG setting before going on with test. , 

(4) bn 8505A Signal Processor Channel 2 press M^R then ZRO then DISPLAY REF pushbuttons. 

(5) On 8505A Signal Processor Channel 2 press REF OFFSET pushbuttons to indicate +180 DEG 

on digital display. ■ , > i 

, (6) On 8505A Signal Processor Channel 2 press DISPLAY MKR pushbutton. 

' - ■' .1 

(7) ’ Attach short directly to 8502A TEST port. 

(8) Digital display should indicate <20° (<± 10”). " 



47. TEST PORT RETURN LOSS TEST, 
SPECIFICATION: 

TEST port' return loss: >26 dB from 2 to 1300 MHz 

>20 dB from 0.5 to 2 MHz 



DESCRIPTION: 




a more direct and accurate test is required .w. . — ,r — - r i n>»nm iiw 

Accuracy Enhancement Program (AIM) procedure for the method of making an error-corrected return loss, 
measurement. An 8542B Automatic Network Analyzer may aUo be used to make this measurement 
between 100 and 1300 MHz^ , ’ .y ^ 
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48. PORT RETURN LOSS TESTS 
SPECIFICATIONS: 



"Model 8502A 



INCIDENT Port Return Loss': 



> 23 dB from 1000 - 1300 MHz 

> 25 dB from 1 00 - 1 000 MHz 

> 25 dB from 2 -100 MHz , 

> 23 dB from 0.5 - 2 MHz 



REFLECTED Port Return Loss: > 23 dB from 1000 - 1300 MHz 

> 25 dB from 100 - 1000 mHz 

> 25 dB from 2 -Ido MHz 

> 23 dB from 0.5 -2 MHz 



RF INPUT Port Return Loss: 



>23 dBfrom 100- 1300 MHz 
> 23 dB from 0.5 — 100 MHz 



DESCRIPTION: 

The system is calibrated by shorting or opening the main line TEST port of, the Directional Coupler to 
establish a O' dB reference line bn the CRT display. Tire INCIDENT, REFLECTED or RF INPUT port of 
the 8502A is then connected in place of the short to the Dual Directional Coupler or Directional Bridge 
; I with all other ports terminated in 50 ohms. The Return Loss is measured' directly with the 8505A 
' MARKER digital display and the CRT trace. When using this method to measure Return Loss, ambiguity 
I due to "'imperfect^' directivity of the directional device is introduced. The ambiguity of the measurement 
may be as great as ±2 dB. If a, more direct,,and accurate test is required to the port Return Loss specifi- 
cations, refer to the 85C]7A Accuracy Enhancement Program (AIM) procedure for the method of making 
: ' an error-corrected Return Loss measurement. ' , 



i 
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48. PORT RETURN LOSS TESTS (Cont'd) 



CONFIGURATION A 
(Frequency Range; 100 — 1300 MHz) 



METiMRKANALmil 



TEMUMATIOM'^ 



' .f- 



^ TMMMBSION/ 

U REnECnOM 
TIST TESTSET , 




dOIEl 

■ I _ 

IHt TEST SETUP’ SHbwH IS EOB mClDIBT PORT 
RETURN loss MEASUREMENTS. FOR REFLICTEO 
OR RF INPUT PORT MEASUREMENTS THE SETUPS 
(CONFIGURATIONS A AND SI ARE IDENTICAL 
ERCEPT THAT THE PORT TO IE MEASURED IS OIR 
EtTLV CONNECTED TO THE DUAL DIRECTIONAL 
COUPLER ICONFICURATION A) OR THE DIREC’ 
TIONAL. RRIDCE (CONFIGURATION It RNTM ALL 
OTHER KRTS terminate D IN U OHMS. 



-<s-j 



CONFIGURATION B 
(Frequency Range: 0.5 — 100 MHz) 



I ■ ■ 

\ ' 



:i‘V n' 



RETWORKMIAUZER 



TERMNATIOR 




) REFLinEDl 

TERIHRATIOM ,..^— 



RF 

INPUT 



MZA 

I TRAMMOSTOR/ 
REHECTIQR 
TESTSET 



■ TEST 



INCIDENT 



TERMRATIOR 



DIRECTIORAL 

■RIDGE 



iSmt conntuioii 



SHORT 

2 



w 



Figure, 16. INCIDENT, REFLECTED, a^d RF INPUT Port Return Loss Test Setups 
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48.PORT RETURN LOSS TESTS (Cont’d) 

. ' ' >t. 'I' ' . '> ■ ' ' 

EQUIPMENT: ■ 

r , I 

;) ’ Network Analyzer. .^. .......... HP 8505A 

Dual Directional Coupler. . . ... . . . ....... HP 778D 

Directional Bridge*. . . HP872IA 

3-Way Power Splitter. i . HP 1 1850A 

Type N Female Short . i ............. HP 1 151 1 A 

son Type N Male Termination (4 required) ............. HP 909A Option 01 2 

Type N Male to BNC Male Adapter (2 required). ............. . HP 1250-1473* 

0 *Part of HP II 652A Trafcmission/R'eliectlon Kit. ' i 

? ••Part of HP 11854A5bn BNC Accessory Kit. ; 

PROCEDURE: 



Set 8505A controls as follows: 

A1 Source/Converier 

, OUTPUT LEVEL dBm ....... 

OUTPUT LEVEL Vernier .... . 

INPUT LEVEL MAX ........ 



0 

-10 



A2 Frequency Control i 

RANGE MHz . ........ ' . ........ . . ................. . 0;5 - 1 300 MHz 

MODE. LINEXPAND 

WIDTH............ START/STOPl 

SCANTIMESEC ... .1 .v . .......... ..v. . ... .1^.01 

VERNIER. ..... ... . . ....... . . ...... . . .*>. . . .1 . . . . . . . .Counterclockwise 

^ TRIGGER. . . . . . ...... ... ...... . ...... . . ...... . . . AUTO 

■ markers Switch ....................... ........ .. I, 

FREQUENCY MHz START........... I... 100 

FREQUENCYMHzSTOP......... 1... 1300 

MARKER I............ ......... ...................... .... 1000 

A3 Signal Processor: 

Channel 1 : 

INPUT. : .......... A/R- 

MODE... .............. J... MAG 

SCALE/DIV .. ........... . ... ............................... 20 dB 

Channel 2: 

MODE. ... .OFF 

Electrical Length: i 

MODE. ... ................................. ........ . .OFF 

■ , . . ' .r: ■ ' 

Set 8502 A RF INPUT ATTENUATION control to 20 dB. 



c. For INCIDENT port return loss measurements connect equipment as shown in Figure 16, Config- 
' uration A with no connection to mainline TEST port of Directional Coupler. ' I 
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48 . PORT RETUR^^ LOSS TESTS {Cont'd) - 

d On 8505A display, depress REF LINE' POSN pushbutton. Adjust CH 1 control until trace is posi- 
tioned to center of screen. Press REF LINE POSN pushbutton again to return system to normal oper- 
'■ ation.^ 

^ ■■i'' ^ 

B. Set 8505A Frequency Control MARKERS switch to 2. > *’ ^ ' ' 

f. Place 8505A Frequency Control MARKER 2 on center graticule. 

g. To calibrate the system for Return Loss measurement, attach short 

Coupler mainline TEST port. On 8505A Signal Processor Channel I, press DISPLAY MKR then ZRO 
pushbuttons to place MARKER 2 on reference line and to zero digital readout. 

I ^ ■ ? 

h. To measure the INCIDENT, port return loss for the frequency range 1000 to 1300 MHz: 

(1) Remove short and connect Dual Directional Coupler directly to 8502A INCIDENT port with RF 

' INPUT, REFLECTED, and TEST ports terminated. 

(2) Move 8505A Frequency Control MARKER 2 control to worst-case. Return Loss between 

4 and 1300 MHz as indicated on CRT. (This is the point closest to calibration line right of 1000 




OdB REFERENCE 

WORST-CASE ' 
RETURN LOSS 
MARKER? 

1000 MHz MARKER 1 



, • ' figure 17. INCIDENT Port Return Loss (1000 to 1300 MHz) 

(3) Read worst-case Retpm Loss from 8505A Signal Processor Channel I digital display. The indi- 
, cation should be >23 dB below the zero dB reference level for the frequency range 1000 to 
c ' 1300 MHz. I 

To measure the INCIDENT port Return Loss for the frequency range 100 to 1000 MHz: , 

(1) Move 8505A Frequency Control MARKER 2 control to worst-case Return Loss between 100 
and 1000 MHz as indicated on CRT. (The lipint closest to calibration line to left of 1000 MHz 
' MARKER as showh in Figure 18.) 
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Model 8502A 



PERFORMANCE TESTS 



48. PORT RETURN LOSS TESTS (Cont'd) 




OdB REFERENCE 

WORST-CASE 
RETURN LOSS 
MARKER 2 

1QQ0 MHz MARKER 1 



^ Figitre 18. INCIDENT Port Return Loss (100, to 1000 MHz) 

^ \ ^ 'r ■ ..1 . ' . ■ ' ' 

(2) Read worst-case Return Loss from 8S05A Signal Processor Channel I digital display. The indi- 
cations should be >25 dB below the zero dB reference level for the frequency range 100 to 1000 
MHz. ‘ . 

To determine .the INCIDENT port Return Loss for the frequency range 2 to 1000 MHz connect 
equipment as shown in Figure 1^, Configuration B with LOAD port on Directional Bridge shbrted. 
Set 8505A Frequency Control RANGE MHz switch'to .5 — 130. Adjust FREQUENCY MHz START 
control to 002.0 and FREQUENCY MHz STOP control to 100.0. 

To calibrate, the system for Return Loss measurements: ^ ^ ^^^^^ ^ ^ ^ ^ ' 

{!) On '8505A CRT display, push REF LINE POSN pushbutton, and adjust CH 1 control until trace 
Ts positioned to center of screen. Press REF LINE POSN pushbutt’On again to return system to 
normal operation. , ^ ^ , •» ■ ’ ’ 

(2) ' Set 8505A Frequency Control MARKERS switch, to 1 and adjust MARKER I controfto center 

graticule. . ' 

(3) . On 8505A Signal Processor Channel I press DISPLAY MKR and ZRO pushbuttons to place ' 

MARKER 1 on reference line and to zero digital readout. 

^ ' ' ■ , '' ■ ' 
To measure the INCIDENT port Return Loss for 2 to 100 MHz: , , , ' 

) ^ ■■■ 'i . ; , ’ ■ , , ^ . 1 ■ 

(1) Connect 8502A INCIDENT port directly to Directional Bridge LOAD Port with TEST, RF IN- 
PUT, and REFLECTED ports terminated. 

■ \ . - . Si i 

f . . ’ ' '. 'll. ■ 

(2) Move 850i5A Frequency Control MARKER I control to worst-case Return Loss between'2 and 
100 MHz' as indicated on CRT. (This is the point closest to calibration line as shown in, Figure 

,19.)^ ■ - • ' ■ . ' 
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PERFORMANCE TESTS 



48. PORT RETURN LOSS TESTS (Cont'd) 
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Figure 19. INCIDENT Port Return Loss (2 to, 1 00 MHz) 

(3) Read worst-case Return Loss from 8505A Signal Processor Channel 1 digital display. The indi- 
il „ cations should be >25 dB below the zero dB reference level for the frequency range 2 - 100 

■V’, 

tn. ” 



( 1 ) Set 8505A Frequency Control RANGE MHz switch to .5 to 13. Adjust FREQUENCY START 
, control to 00.50 and FREQUENCY STOP control to 02.00. , 



‘A’ f 



(2) Repeat steps k _ , 

ence level for the frequency range ),5 to 2 MHz (Figure 20).' 



n :i ■ 



OdB REFERENCE 

WORST-CASE 
RETURN LOSS 




} ■ 

Figure 20. INCIDENT Port Return Loss f 0.5 to 2 MHz) 
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Model 85U2A 



PERFORMANCE TESTS 



48. PORT RETURN, LOSS TESTS (Cont'dl ^^ 

n. ' For REFLECTED port Return Loss measurements repeat steps a — except. directly connect the 

REFLECTED port to the Dual Directional Coupler (Figure 16, Configuration A) or the Directional 
Bridge' (Figure 16, Configuration B) with RF INPUT, INCIDENT, and TEST ports terminated in 50 
ohms. The worst-case Return Loss measurements should be: 

r > 23 dBfiom 1000 -1300 MHz > 

- , >,25dBfrom 100- lOOOMHzv - : 

, > 25 dB from 2 -100 MHz 

> 23 dB from 0.5 - 2 MHz ’ 

o. V For RF INPUT port Return Loss measurements repeat steps a — m, except directly connect the RF 

INPUT port to the Dual Directional Coupler (Figunf 16, Configuration A) or the Directional Bridge 
(Figure 16, Configuration B) with REFLECTED, INCIDENT, and TEST ports terminated in 50 ohms. 
The worst-case Return Loss measurements should be: 

>23 from lUu - 13uu 'Hz , 

>23 from 0.5- i 00 MHz ' ' 




1 
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Tabin 6. Model S502A Performance Test Record 

- -li. ^ 



Hewlett-Packard Model 8502A 
Transi.dssion/Rellection Test Set 



Test Performed By: 



Serial Number: 



Date: . 



Description 



Lower 

Limit 



Measured 
' Value < 



Upper 

Limit 



DIRErJIVITYTEST 

TRANSMISSION FREQUENCY RESPONSE TEST 

f.(3) .MAG: 

h. (6) PHASE: ' . 

REFLECTION FREQUENCY RESPONSE TEST 

: I ■ 

, f.(3) MAG: 0.5 .-1300 MHz 

,h.(6) PHASE: 0.5 -,1300 MHz 
j.(2) ' PHASE: 2 - , 1300 MHz 

TEST PORT OPEN/SHOBT RATIO TEST 

' g. MAG: 1000 - 1300 MHz 

i. PHASE: 1000 - 1300 MHz 

j. r4) MAG: 2 - 1000 MHz 

k'(2) PHASE: 2- 1000 MHz 
m.(2) , MAG: 0.5 - 2 MHz 

’ p.(8) PHASE: 0.5 -2 MHz 

TEST PORT RETURN LOSSJEST 

^ 2 -1300 MHz : ’ ^ ' ' ' 

■ ■ 0.5 - 2 MHz ’ /■" ' - ’ . ■ 

PORT RETURN LOSS TESTS 

Incident Port i 

H. (3) 1000 - 1300 MHz i 

L(2) 100 .t- 1000 MHz \ 

I. (3) 2- 100 MHz 

m.(2) 0:5 -2 MHz > 

Reflected Port 

h. (3) ‘ 1000 - 1300 MHz 

i. (2) 100 - ,1000 MHz 

l. (3) 2- 100 MHz./ , ; , 

m. (2) 0.5 -2 MHz 

RF Input Port 

h.(3),i.(2) 100'- 1300 MHz 
i:(3),m.(2) 0.5- 100 MHz 



40 dB 



26 dB 
20 dB 



23 dB 
25 dB 
25 dB 
’23 dB 

23 d B 
25 dB 
25 dB 
23 dB 



23 dB 
23 dB 



J 
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^,1 
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'■’'■■ ■ ■ 






i ^ ■ ’ .■'■ 



■ ' ’■ i ' } 



^ 49. ADJUSTMENTS 

! il rX-i 50. No adjustments are necessary for 

Vif'K ' ■ . ■ ■■ ■ . 



i )■■■ ■:' I < ' 'Vs i’’ ^ ■ -i '• 

V-’ ' .iM ■ ) '.S' i : ' f> I 1 • ‘ I • ' ■ ' ’ •■ 

'l-' J ''' '''7-di'‘ Motief8502A - 

• ' ,\ r'lV ■ ' //^$ ,y , ■•■. ... _ T . 

y.' ■ ' / 

J_ ■* i’t 'V-. 
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1 ’ : ! 53. Ordering Instructions 



s'-'X-i;''; 




I;,' '' > Model 8502A ,Transmissiod/Renectipni; Test Set. .]i‘ quantity.' desiredX 'and.j addreKri^ drde|f, 'to‘^ the, 

v|'V-' v: 'y ;X; ' ’'JvX ,1^' : ' ' c^i'V' ’'‘'4V-V V ' ocaiest | Hewlett-PncHatd officc.;' Do not ,.V 

■' :(; iciplace any partsmot listed. " 

•feiv';' 51.A 'v'- ■■ - ' v ;^;W: - . 



i! ■ ! 't iJplace ai 

I? .i' • 'ii. jV. \ ' '\ . A ts, I 

■ ’S. ,,% }.■■ ■ •■>: "XVi'.;. ■: 

\ '■■ ' - 'i'/ '.X, ■ ■ ■^ I'Xi' 




•.f' ' ' ', 

’ >'i ,w;' 



, ' ,52. Replac^blel parts are'jisted in', Table 7' and, ' ' : ), ' ' ■ y 

X:'!; i>f Type -N Gon-y ' ;The SO^ohm:;' ,Bridge/P6w J 

Assembly (J3y'J4'i{and |5) 'T^sfembly 

■5'v ' Pigure 22^ 8502A; ' attiching liard,wii^-i{Screws, ^ uatbr '’A^mbly, A2 j mid'^re vX- . 

d Vi , . 'i; washers. etc.V is lister! and irlentifierl in i Fieiire M' renlahed as 
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.. ■ ■■,-, , . M i'A;.,. ■•. , - •■> ', 







■\i ■ A-AA 


‘ f \ '• 

1 •- V,-' ’ l ! 


*; : ;'''^-A A'v 




.■’) A ■’ 


'. .H.'A ■ 


1- . ’ 1. '<* 1 ,i''- 

•V.,M; ?,'l .1 


• i ' ' ' ' • 1 • 

; , ■ j' 

1:’ 



X’V. • VV'\' .V' ^ 'X 
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'■W' , ■ V'-' p 

:V. .a ■ ■ ' :a AM' ' ’a' ; 
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■•iW 'fi- >.>;^'- 



;I|^S;;-' *f IxiKtiption,., 



, , ,,V, f(. V ii 

' i-'^V' • 'ir,'- 'jk ^ 

i.{.v A2'>>,,:i-,; 



I ' 'V': '-‘'5086-7228’'' : ^'' 5 ;' ■ . ;{(’' 50Ohm Bndgi 

2'^i! : ' . ', 08558-600P3, :'^' : , '' ’■ ,d -70 dB Im 

■ ■ .y•/^^!;08495-60dd4'^^,W v(u . ■ '''\Rtstored 085f 



':’:j3iK^5;s„', ;■: 08jowooor;|;'= -/‘is.,;' 

■■:r ■■ ■ : : V .. V" V.' 



^ V'-^ i. 



; MPl 



Ji!,,;; 0370-28iys‘''^'''|v': 



v\^m^2^mF 5;'' :;';^;;.g^4i 1-400? : 

; ■■ :"08502-00002; :\::^: V 

0^502^d00?'i .^' ■ \ ,'.,1', 
'■.■>% V 08502ri?0d04.t; '1^^ 

- . - ' ' ' ■' 'i'V' » ■ : ■ 

'm' ■■'■ ^ ‘ >V’' ■ ' ’i / ■ . '■ ■ 

» . mjV' 0RS07-nnnn‘v! ■ ’ , i , 






' ,MPio ; 



08502-00005! 

08502-20001 



vi;#:' ‘'08502^0002 ":' V I 

V; X N MP|2,MPll3 08502^20007 2 

'■ym^! -lVJpi5-MPl^ ' 08502-20010 ^ V 4 

!’;! * Wl'''iV't ' ' 08502-20005 , 1 

08502-20004 I 

U . , W3X ■ ' \ ; 08502-20003 . I 

i \ y/4 : , 08502-20011 

^ 08502-20006 1 

:fi :■■'■ D'^yv^'V' ■ ■■' . [ ■.. ■ , ■■ ■■ '^: 

i;h ,-i ' ^ *vt'^ ' 1 . 



I’v 50 Ohm Bridge/Power splitter ’>,,y. 

'’■ ^5 — 70 dB Input Step Attenuator ' ’ ' 

■ ^Rtstored 081^58-60003, Requires Exchange 
'Connector: RF BNC ' 

C'dnnectbr: Assembly, Jype N Fenitlle 
(See Figure 22)". ; ;.'• - iH; ■' 



‘.Knob ,'■ ’ ■ . 'i; ' 

Fopi ' ^ 

Panel:, Front \ \ 

Deck: Main , • 

Panel : Rear Sub « , , V’' 

'V, 

Panel: Rear < 

Case: Bottom Cover 
Case: Top Cover 
Trim: Cabinet (Zipper Lock)'' 
Washer^: Dress * i 

Spring Clip 
Cable: RF Reflected 
Cable: RF Incident 
Cable: RF Input 

Cable: RF Attenuator 
Cable: RF’Attenuator/Bridge 
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i','.' .1/ ? 
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'% /' HRpart'^ '’ 'iioty „-fc 

Desimtion#' ■; >£-,v;' 'i"'' ^ - t'? 



' .41A 

',' "V' 

X'.<r ■ 



Description 



.k ..fXV> '■> f 
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^ ki '■■''' ''^ X 

' V . ■ I," 

(I . ■ . kr 



Nut: Hex 7/16-28''^' ■ 
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Washer: Lock .jV ky ,•; 

■'•'■p ■ , 'i'l rAuy 

Body: Bulkhead' ifiX' ' 

'■k- \ kk ' 

Insulator • k . , > 






' :%■ I' >k' #it ^ 5(M(M)30<1*'” : ’|,r I :;yi> 

’ ■ Jr I V' 00lVi: '<> V .1 t "icri'noi !l , '! ' /|!1’ ' I 



.1 >'l.''' 

■ Contact: Jack 
''Insulator - = 
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X kk : 

X ,1/ :' ■;, 



WX X 1 , 12i^9V ■ x;‘!-,^yr' : , : :, Coj^ti'-RPConnecu^* 

" -i 'X X p ■ Xv ' ’. ■,: RFConnector "f, 

k 04/ k;, kk,fi^ire2k^ N C§0n04sembl;if (0M-6OOOIK Exptmlcd new '. '.X''.' ; 



HP Part Numfciet 
Msignanpn ,,,. 

'k- ^,0''/. ; 303(W)22I '' ' 

■ifc ; 236(W)331 

, 2190-0815 

' 2950-0001' ' 

,;X :0 \kX-"' . 2^90-0016 

''0, 2190^104 

■ 0 k 2950-0l?2 , 

” '' 0 , 220(W3I03 

0 ' 3050-0105 ' 

t>;iV ,/Y ' 

0 2200-0105 
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Description 



No. 4 Allen Screw 
No! 6 Screw . 

No. 6 Flat Washer ’ , 
Nut 

p> 

Internal Lock )Vasher 
Internal Lock Wasjier 
'Nut 7 ' ) -M,., . 

No. 4.Posi-Screw 
No, 4 Flat Washer 
No. 4 Posi-Screw 
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Figure 23. S502A Attaching Hardware (I of 2) 
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Model 850'2A 

A 'A-aV- 'a;,' -v-A'A ■ '■/ 

55.;,^SERVICE'vo:;V-.V^^^ 

’ 'Vi'O ’ '' '-I ' -'A . ' 'iA :'i 1. 'A 

K:\Module Exchange Prograin-v; 

■;rv.^A A.;::/! i' :'- ::r: ' ■,}> . ' i. 'I. •.* 



A "A;'A '\iA; 'AvA 'i •; A: 

.-■■■ ■, A . --'0 /« ': -A, ■ .A,/ 

A .■ !, v- . ‘-.i 'A- AA, 

■■.v;,. : 'vA ;A:n [I;, .YAly':. 

'A, A ' A, ''.v ■' 'aA'a, 



61. to rc;»K^rnble tKe HR Model 8502A, replace 
'! ; tile case: bottomland sqUeeze^^to^ bottom of 
\ case; ; together .at ' en(i ,be:mg Azipped.’' Slide the 



'■'aaaa'a ;A,ArA-^^^ : ' Ai • A, A';,/ . AA . ’."zippers" into their dots ' from the rear panel to- 

57. Factory repaired exchange, modules are avaih ^ard ihe front paheK' o', 

able for modules that are hot field-repairable. In , . 'a; a^^ 

addition/ repaired exchange ipodules' are, available. V ^ ' ^ RrSH«* r*. 

for niajbr sub-assemblies as an'alternate m^^^ , and , Diractional Bridge R , 

repairi 'The factory repaired mbdulei, are avMlable ;a niovarw , A ' 

at a considerable savings in cost, over' , the cost of , / 'a/',' ; ' , ' ’ v, 

a new model. A ' A V , n i f a '■ 63. Disaiwemble case as described in Paragraph 59 

\ A, \',: Aa 1‘,'. , and pioceed^as |bll6ws:; A 

58. ; Those ^ exchange /modules should be; ordered \ , ; ^ \ - ' a , 

. from the nearest Hewlett-Packard ASales/Se^ a. Remove attenuator knob using .050 alien ,, , 

■office/usihg the part numbers in Table 7, Replace-; . Aa ^ ‘'/.a / 

AablC'Parts. ^'iA NV'''vr ' \ ' - ‘ • ‘A: : , ■ 

« ^ ■ b. Remove RF connector ' body (outer shell) 

a, and dress''washer''from test., port, using, a ,a' 

60. ' Place the HR side do^ on , special 9/16 open-end french (HP Part Num- , 

a flat surface. Squeeze, top and bottom of, case to- ' A,'' i a, 

gether by applying, pre^ure at end 'beirig openedj ‘ r ’ 

Using a ';small, screw driver, push each "zipper , ■ A; Remove four pozi-dnve screws from Mai , 

lock toward ttj.e rea^ pahel (Figure 24) until you ' 

arc able.to graspjt firmly with ypur thumb, and \ ■ " wo i f 

in#x' fihger, Pull the:>ippers‘' from the 8502A/V : 

case, then lift the case bottom from the instru- ■, tional Bndge Al. (See Figure ^1.) Use 5/16 ^ 

ment A ■ V !; - open-end lyrench to loosen cable connectors. 
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Figure 24, Model 8502A Case F>iso5sernf?ly I 
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O ,/* ' e. Carefully ■ slide Main Deck assembly out far 
/’ enough to clear the three RF cables and 
turn it over. 

- ■' 

' f. Remove four f)ozi*drive screws from Direc- 
, ' tional Bridge A 1 and two pozi-drive screws 
' , ’ from Step Attenuator 

^ V: ■ \ '■ 

„ g. Carefully remove Main Deck with Front 
Panel attached and set it aside. 

. ' h. Remove cables W4 and W5 from Directional 
Bridge Al and Step' Attenuator A2. (See 
Figure 21.) . i 

i. If replacing Directional Bridge A 1, unsolder 
bias input lead at tennihal bn Al . 

64. Step Attenuator and Directional Bridge In- 
flation Procedure ; 

65. This procedure assumes that the 8502A has 
, : been disassembled as described in Paragraph 63. 

To reassemble 8502 A, proceed as followr: 

a. Connect cable ^W4 (longest of the two U- 
shaped cables) to connector farthest from 

;/= control shaft pn Step Attenuator A2. Do not 
ti^ten connection. ' , 

b. Connect |i cable iW5 to connector closest to 
: , t ' control shaft on Step Attenuator A2. Do not 

tighten connection. ' ■ , 

' V '’ cJ, Connect cables W4 and W5 to Directional 
^ ^ Al with control shaft of Step Atten- 

uatpr and JEST port (Jl) of Directional 
iir Bridge facing the same direction.. Tigliten 

: ' the four connectors ’ on W4 and W5 with 

■V-.' i,.', fing'ers.only. ' ■ 

■' d. Position Main Deck over top of A1/A2 assem- 
blies and align Step 'Attenuator mounting 
I,: holes on Main Deck. Fasten Step Attenuator 

using two 4-40 screws (HP Part Number 2200- 
■ 0105) and two flat washers (HP Part Number 
• 3050^105).’ Make certain that bias input, 

lead is not pinched between Step Attenuator 
and Main Deck. 

I. ■ ' ■ ' . •• ' i. 

: e. Install dress washer and RF connector body 
I ' , (outer shell) on TEST port and tighten with 
special 9/16 open-end wrench. 

• f. Loosely fasten Directional Bridge to Main 
Deck using four 6-32 screws (HP Part Number 



2360-0331) and four flat washers (HP Part 
Number 2 1 90-08 1 5). 

g. With thumb on end of TEST port and fingers 
at rear edge of Main De’ck» apply a squeezing „ 
force to make certain that Front Panel is 
held tightly against Main Deck. Tigliten Direc- 

, tional Bridge mounting screws while still 
squeezing/ 

h. Turn Main Deck assembly over and carefully i 
slide it into the 8502A top case (upside down 
on flat surface). , 

i. Connect cables Wf, W2, and W3 to Direction- 
al Bridge A 1. (See Figure 21). . ’ 

j. Carefully tighten all RF connectors on Al 

aiid A2 assemblies using a 9/16 open-end 
wrench. 'r , , 

i CAUTION 1 



Avoid V damaging connectors. Tighten 
connector nuts until snug; do NOT 
overtighten. 



k. Fasten Main Deck to 8502A case using 
four 4-40 screws (HP Part Number 2200- 
0103) and four flat washers (HP Part Num- 

’ ber 3050-0105). Make certain that bias 
input lead, is not pinched between Main Deck 
and case. 

l. Solder bias input lead to terminal on Direc- 
tional Bridge (feed-through capacitor) if 

. not already connected. ” 

' m.lnstall knob on front-panel RF INPUT 
i . ATTENUATION dB control. If position 
; of control is unknown, tigliten one set screw 
in knob and rotate control t.o fully clockwise 
position. Loosen set screw and set knob 
pointer to 0. Tighten both set screws in knob. 

n.To reassemble 8502A case, refer to Para- 
graph 61. I 

69. The reflected signal from the unit under test 
is transmitted back through the 8502ATEST port 
and is coupled by an internal directional bridge to, 
the REFLECTION port of the 8502A. This reflect- 
ed current contains information such as source 
match, return loss, etc., of '-the unit under test. 



70. A DC BIAS INPUT port can provide' bias to 

the unit under test when bias is needed by coupling 
a DC signal to the center conductor of the TEST 
port. , ■ ; 

71. Troubleshooting 

72. A troubleshooting flow diagram (Figure 26) 
provides a step-by-step procedure to isolate the 
causii of a malfunction and identify the defective 
assembly or component. An equivalent circuit 
diagram (Figure 27). and major assemblies locator 
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Model 8502A 



EQUIPMENT: 



. Network Analyzer. ..................... 

Type N Female to SMA Male Adapter. ..... 

Type N Female to SMA Female Adapter. . . . 

Type N Mble Short .................... 

50H Type N Male Termination (3 required) . 

IMTI At SETUP 

NOTE: Unless olhirwiuipecified.tenntnati all 
unused ports on the 8502A. ' 

Connect equipment as In Tist Setup A. Connect 
850ZA TEST port to BS05A port A. 

' i ■ ■ , . , 

SOUBCE/CONVERTEB: 

0UTi»UT LEVELdBm. : . . . . .0 

OUTPUT LEVEL VERNIER ........ .Adjust for,, 

i; '-tOdBm.atRFport 

, Input level max. -io 



.. ..-10 



FREQUENCY CONTROL: 

J -, . ■. : 

RANGE MHz .... . . -. . . ... . . *0.5-1300 

MODE........'...'. ...... ....LIN FULL 

WIDTH. START STOP I 

SCAN TIME SEC, ...... . ...... ,0.1 -.01 

yERNlER. . . ... .... . CO’UNTERCLOCKWISE 

JHIGGER.. . ' . i AUTO 

MARKERS SWITCH. . . * 1 



SIGNAL PROCESSOR: 



CHANNEL 1 INPUT. ............ . . . A 

CHANNEL 1 MODE . V. MAG 

CHANNEL 1 SCALE/DIV. . . . .'. . ... MAG 5 dO 

Channel 2 MODE . . . . .s. . . '. . . . . . .off 

ELECTRICAL INPUT MODE. . ... . . . . .OFF 

Set8502A RF INPUT ATTENUATION dB control 

lo 0. . 

I : ■ ' ■ ■ 

Set reference line on B50SA to center graticule. 



’HP 8505A 

. . .Cablewave Systems No. ‘7 18 
;'i. Cable wave Systems No. 721 
............... 'HP 1I512A 

....... HP 909 A, Option 01 2 



CHECK TEST 
PORT OUTPUT 



Connect equipment as shown in Test SeAip B. The ' ConnKt equipment as shown in Tett Setup, 0. The I NO 

8505ACBTtractihouldbe-16dBm±2dB. . , 8S0SA CRT ttace should be -) I dBm ±1 dB. I , ■ 



I Trouble is In A1. 

i ’ , ' ■ ■■ 



Trouble is in Cable W3 or ConnKtor JS. 



Connect equipment u shown in Test Setup C. The NO 
8S05A CRT trace should be -16 bBm ±2 dB. . 



Treubie is in A2, cable W4. or cable W5. 



The 8505A CRT trace yiould be -24 dBm ±2 dB. 

fvES ' ■ 



CHECK RF INPUT T 

ATTENUATION W 

Step through RF INPUT dB ATTENUATION Posi- NO 

tions and note a 10 dB decrease in powerat each stap. 

|- ■ • ' ■ • • • 

I YES . ■ ' , . : 

CHECK INCIDENT . _l_ 

, PORT OUTPUT ▼ 



Trouble is in At. 



Trouble is In A2.' 



Disconnect, 8505A port A cable from 8502A TEST 
8505A CRT trace should be -29 dBm i2 dB. 


Connect equipment as ^own In Test Setup E. The 
8505A CRT trace should be -29 dBm ±2 dB. 


NO ^ 


• ^ 

■ 


. . 

Trouble is in A1. 


— : ^ — T— — : 


lYES 







t Clear 850SA Reference Offset. 



CHECK REFLECTED _l_ 

PORT OUTPUT ^ 

Attach short to B502ATEST port Disconnect 8505A 
port A cable from INCIDENT port and connect it to 
BS02A REFLECTED port The 8505A CRT tract 
sl)ouldbe-29d8m±2dB. 

J YES 

Check continuity between center conductor of 8502A 
' BIAS iNiPUT port and center conductor of 8S02A |^g 

TEST port < 5 ohms. Also, check between center 
conductor of B502A BIAS INPUT port and ground 
for leakage >1 Megohm with TEST port open. 



Trouble is In crtle WZ or connector-J4. 



Connect equipment as shown in Test Setup F. The NO 
8505A CRT Uace should be -29 dBm i2 dB. 



Trouble is |n cable W1 or connector J3. 



Trouble is in A1 or connKtor J2. 



Trouble is in At. 



"I; .'l! 



CHECK FREQUENCY 
RESPONSE ‘ W 

The instrument should meet the frequency response 
specifications in Table 1. 






' Figure 26, Model 8502 A Transmission! Reflection test Set Troubleshooting Procedure (2 of 2 ! 

, j- . . • '.’V ■ ■ I) 

: I . ' ' V : ,45/46 





Figure 28. Model 8502A Transmission! Reflection Test Set Major Assemblies Locations 
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08502*90001 I Model 8502A 

ERRATA 

^ Fife U Paragraph It; 

Change this parapph to read: Hewlett-Packard Cable Accessory Set 11851 A. shown in Figure 3, contains four 
cables. Three of these are phase matched to a standard, and are available individually. These cables help 
provide accurate measurements when using the HP 8505A Network Analyzer and other instruments. 

Page2,TabIf 1: 

Under Port Match: Chan^ **Test Pott Return Loss*:** to “Test Port Equivalent Source Match ( Ratio Mode)*:*’. 

Page 3, Figure 3: 

Replace Figure 3 with the HP 118S1A Cable Accessory Set figure supplied in thb Change Sheet 
Page 28. PERFORMANCE TESTS: 

Change test heading 47 to read: TEST PORT EQUIVALENT SOURCE MATCH (RATIO, MODE). " 

Change the second sentence in the Description of Performance Test 47 to read as follows: “These two tests 
.confirm that the Test Port Equivalent Source Match (Ratio Mode) of the 8502A is within 
specification.** , , > 

I • ' ' I 

Page 38. Table 7? 

Change A2 (first listing) to HP Part Number 5086*7363. CD9. 

Change A2. (second listing) description to: “Restored 5086*7363. Reauires Exchanve“ > ' 

^ ■ . 1 , ’ ■ ’ 

► Change MP8 to HP Part Number 08502-00017, (Jty.l, Panel: Rear Sub. ■ 

Note: When oideringa replacement fwtheobsolete rear sub panel having HPPart Number 08502-00004. order 
the Rear Panel Replacement Kit having HP Part Number 08502-60004. This kit consists of the newer MP8 and 
MP9, required when replacing the obsolete MP8 or MP9. ' > . 

► Change MP9 to HP Part Number08502-00016,Qty.l, Panel; Rear. , ■ 

Note: When ordering areplacemeni for the obsttlete rear panel having HP Pan Number08502-00005, order the 
Rear Panel Replacement Kit having HP Pan Number 08502-60004. This kit consists of the newer MP8 and 
MP9, required when replacing the obsolete MP8 or MP9. 

CHAN6E 1 ^ 

Page 38. Table 7: 

Change MP6 to 08502-00013. CD4. 

Change MP7 to 08502-00012. CD3.’ 



CHANGE 2 « 

’ , ' t ■ 

Page 38. Table 7: 

Add CZ having HP Part Number 0160-W33. CDS. CAPACITOR-FXD .022UF ±10% lOOVDC CER. 

Add FI. having HP Part Number 2110-0424. CD9. FUSE .75A I25V NTD .25X27. ' 

Add Rl. having HP Pan Number 0757-0394, CDO. RESISTOR 51.1 1% .125W F TC-0±I00„ 

Add R2. having HP Part Number 0698-8827. CD4. RESISTOR IM 1% .125W F TC-0±100. 

Change MP7 to HP Part Number 08502-00018. CD9. 

Change MP8 to HP Part Number 08502-00017. CDS. 

Change MP9 to HP Part Number 08502-00016. CD7. 

Add MP19. having HP Part Number 1400-0110. CU4. FUSEHOLDER-BIPIN SICT 5A 125V. 

Add MP20. having HP Part Number 14004)111. CDS. FUSEHOLDER NUT FOR USE WITH HP 
P/N 14()04)110. ’ 

Add,MP21. having HP Part Number 1400-01 IZ CD6. FUSEHOLDER CAP FOR USE WITH HP 
P/N 1400-0110. ' , I , 

Page 47/48. Figure 27: . , 

Replace Figure 27iwiih the Model 8502A Transmission/Renection Test Set Equivalent Circuit diagram 
supplied in this change sheet. 
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